INTRODUCTION
Although many theories and practical techniques to fabricate well-fitting dentures have been investigated, little improvement has been made on the deflasking method in spite of the enormous time and efforts.1) Usually the cured denture is remounted on the articulator by an index groove to correct any changes of occlusal contact after curing. Then the denture is removed from the working cast and polished using a saw, plaster knife and froceps. In this step, dentists and technichians have to be very careful to avoid fracture or permanent set of the denture. Indeed, even a skilled technician often fractures the denture. The denture is often broken or distorted at the under-cut area, or fractured in the middle of the lower part when recovered from the cast for the following reason. 1) A working model is usually constructed of dental stone or improved die stone to yield the dimensional accuracy and good surface smoothness. Satisfactory results produce a high modulous of elasticity and a high strength after set. 2) The working cast is splitted in sections dynamically using plaster forceps, etc. The impact load a denture receives causes greater stress and more rapid strain than a static load.
3) The cast forms morphologically a restrained condition on the cured denture. This is why the bony under-cuts are in the area at an anterior vestibule, below the mylohyoid ridge, at retro-mylohyoid space and buccal tuberocity.
A new method for deflasking is introduced instead of conventional dynamic methods that are very risky.2) This method applies the static expansive pressure which is produced by volume expansion of calcium oxide as a result of hydration.3) This pressure will act as a compressive stress in all directions from a packing hole in the restrained condition, and tensile stress is produced in a direction perpendicular to compression. The cast made from a dental stone is weaker in the transverse direction.
In this study: 1) the mechanism for producing expansive pressure, 2) measurement of its magnitude, 3) estimation of range and time of attraction of demolition, and 4) influence to deformation of the denture during splitting by this technique were examined to establish an efficient technique using a static expansive agent safety or to reducing the working costs.
MATERIAL AND METHODS
A. Material Table 1 shows the composition of the static splitting agent we developed and manufactured on a trial basis, a brown mineral powder with a high CaO content which is necessary to produce the rapid expansion. It also contains trace amounts of 3CaO• SiO2, MgO, etc. B. Experimental methods 1. Mechanism for production of expansive pressure The process of hydration was traced by X-ray diffraction to identify the crystalline product and to determine the reaction pattern. At the same time, the reaction rate was estimated by rate of Ca(OH)2 formation. The form of the hydration product was observed with a scanning electron microscope.
Measurement of expansive pressure
The expansive pressure was calculated by the theory of the thin cylinder receiving inner pressure. The thin cylinder used as the model of a packing hole was plunged with a static splitting agent (=3.6, 6.6, 9.3mm in diameter, thickness=0.3mm, E=8200Kg/ mm2: brass cylinder with chrome coating). The tensile strain in a circumference direction was measured with a strain gauge (Fig. 1) .
The experiment was performed in water to prevent the rise of temperature by an exothermic reaction. The hoop stress was calculated by this tensile strain and Young's modelous of cylinder. Internal pressure, which is equal to expansive pressure, was obtained based on the thin cylinder theory (Fig. 2) . The relationship between magnitude of pressure and diameter of filling hole , and Water/Agent ratio was examined by the following experiments.
The influence of W/P ratio to magnitude was examined by fully setting the slurry into the cylinder, 9.3mm in diameter. The W/P ratio of the mixture was changed to 20%, 30%, 40% and 50%. The mixture which appeared to be a powder in 20% and 30% W/P ratio was plunged into the cylinder little by little under 1Kg/mm2 packing vertical stress using a plunging instrument that was designed to control a packing pressure in order to maintain uniform density, and the slurry mixture of 40% and 50% W/P ratio was filled by a vibrater (Fig. 3) .
The relationship between expansive pressure and diameter of the cylinder was measured by changing the diameter from 9.3mm to 3.6mm in diameter . The 40% slurry mixture was poured into them to produce a uniform filling density. Ethylenglycol or alcohol was added as a retarder to increase the working time. Figure 3 The plunging instrument was designed to control the packing pressure.
The strain gauge (arrow point) is attached to plunger vertically, and 1Kg/cm2 plunging force was monitored with strain meter when packing the agent.
Determination of effective fracture
The relationship between distance of filling hole and fracture time was examined by model experiments to establish the most effective splitting method.
The distance between filling holes and estimation of fracture time was determined by model experiments to establish the most effective splitting method. The thick cylinder models (5mm in inner diameter and 50mm in height) with varied in outer diameter were constructed with dental stone*. These models were prepared with a lathe so that the ratio between the inner and outer diameters (=K) would be 2, 3.2, 5, 7.5 and 10 (Fig. 4) . A system that would absorb enough water to produce hydration of the filling agent in an inner diameter area for the closest simulation of an actual situation was developed (Fig. 5) . With this system, water absorption starts at the surface and proceeds gradually. The closest attention was paid to achieve a uniform filling density of agent. This was important particularly near the water absorbing hole, because the restrained condition would be formed in this area at first. The packing was done with the designed plunger shown in Fig. 3 and by plunging surely a specified weight of agent to achieve the density of 1.6. cm. Four different shapes of hole were drilled in the plate using a lathe and a file: a round hole 10mm in diameter, a round hole 8mm in diameter with a 1mm U-shaped notch, a square hole, and a diamond-shaped hole with a vertical angle of 30 degrees. The areas of the square and the diamond-shaped holes were made as close as possible to that of the round hole. The slurried expansive agent containing 40% water was filled into these holes, Expansion along the Z axis (direction of plate thickness) was restrained to produce a twodimensional stress condition. The photoelastic experiment was carried out three to four hours later when the process of hydration seemed to have advanced adequately.
5. Influence to deformation of resin denture at deflasking using this agent.
To study the safety features of this technique, the strain within a resin denture was examined during splitting of a working model using this agent.
The upper and lower models with high ridges and their bite rims**, which are mainly used for training student, were used. Duplicate models were made with individual trays by the alginate impression technique. The filling hole was a round cylinder 4mm in diameter with 1mm U-shaped notch based on the results of previous experiments. A wax bar of the same shape was prepared with a wax former.*** These bars were fixed on the impression surface with setting pins, and then duplicate models were prepared. Filling holes were positioned about 5mm below the mucose surface along the center of the alveolar ridge, the palate and the floor of the mouth. These holes formed a tunnel with an anchor type. Another lower model without the floor of the mouth was added as a modified model of a horse-shoe type (Fig. 6) . Filling holes formed a U-shaped tunnel Filling holes were positioned about 5mm below the mucose surface. And they could be formed easily by washing out at the same time removing the wax.
* Photoelastic experiment epoxy plate (6mm) , Riken keiki, Tokyo
Photoelastic experiment apparatus PE-S, Mizojiri Kogaku, Tokyo ** Bite rim , D2-492, Nissin dental products ind. Kyoto. *** Wax gum , Murakami dental laboratory, Fukuoka in this case.
This tunnel can be formed easily by washing out the wax at the time of wax removal.
To create a severely restrained condition between denture and model, the surface of the models was roughened by sand blasting and were not coated by separating agents of resin.
One upper and one lower wax denture were fabricated as a master model to make These diffraction peaks increased in intensity while the CaO peaks gradually decreased with the elapse of time. Forty minutes later a small amount of unreacted CaO remained, but a large amount of product was identified with Ca(OH)2. The rate of reaction was estimated using the ratio of maximum intensity of Ca(OH)2 (I1) to CaO (I1) (=ICa(OH)2/ ICaO) during the process (Fig. 9) The rate of hydration progressed with rapid evolution of heat a few minutes later, resulting in the production of a Ca(OH)2 colloid and in 5 to 13 minutes the crystallization of Ca(OH)2 progressed very rapidly, followed by the continuation of gradual crystallization. The reaction of this agent was estimated as follows: (Fig. 9) . The expansion ratio without restraint was about 200%.
B. Magnitude of expansive pressure 1) Relationship between Expansive pressure and Water/Agent ratio. The experiment was repeated three times by changing the water content with a conAs shown in Fig. 10 , the maximum value of expansive pressure was calculated to be about 120-160Kg/cm2 at a 40% water content, while the minimum value was about 50 Kg/cm2 at 50% water content. At 20% and 30% water content, the expansive pressure was 50-80Kg/cm2. 2) Relationship between magnitude of pressure and diameter of packing holes.
A slurried expansive agent with 40% water was injected into the cylinders 9.3, 6.6 and 3.6mm in outer diameter and expansive pressure was evaluated (Fig. 11) . The value of expansive pressure was about 120Kg/cm2 for all three diameters. Table 2 ). The nonlinear relationship between K and demolition time was observed and estimated to follow the formular according to the weighted least square method (Fig. 12 ).
T=0.6K2-1.7K+9.6
Regarding the pattern of demolition, cracks spread rapidly and demolition occurred instantly with a distinct fracture sound up to K=5. When the value of K was larger, cracks spread gradually from the upper surfaces of the water absorbing holes to downward and from the inside to outside. The agent which was plunged into a narrow hole under 1Kg/mm2 pressure produced a sealing effect and established a restrained condition by its own expansion. The agent did not overflow from the packing holes in large amounts even without a stopper. The expansive pressure is estimated to be an evenly distributed load. However, it became clear from the photo-elastic experiment that the distribution of stress and degree of stress concentration depends on the shape of the packing hole (Fig. 13) .
With the round hole, stress was distributed evenly in a concentric circle. In other shapes, stress was concentrated at the bottom of the notch or corners. When the maximum fringe number of each shape was compared with that of the round hole, the following Figure 13 Stress distribution around the filling holes.
Stress distributed evenly in a concentric circle with round hole. Otherwise, stress is concentrated at a notch or ccrners. To decrease expansive pressure in this photoelastic experiment, the agent mixed with 30% porcelain powder was packed in filling holes. ratio was obtained: round hole (=1)<square(=1.3)<U-notch(=1.6)<diamond(=1.8) (Fig. 14) .
E. Effects of this splitting technique on resin denture base. Table 3 shows the maximum strain of each area of the denture during the splitting procedure with this agent.
All types of models presented the same demolition pattern. Cracks arose at the water absorbing hole at first, then developed and spread continuously as if a wedge was driven in.
This indicates that a bending moment acts on the incisal alveolar ridge as a neutral zone applied to the denture. However, when the demolition of the working model occurred, the degree of the strain decreased rapidly, and no residual strain was observed after 10 to 15 minutes (Fig. 15-A, Fig. 16 ).
The lower model (with mouth floor): The process of demolition of the lower model types. Cracks developed 3 to 4 minutes later. The maximum value was reached at about 6 minutes and also no residual strain observed 10 minutes later when demolition had completed. The only difference from the previous experiment was that a bending moment had been applied in the reverse direction (Fig. 15-C When calculated using this equation, the value of P becomes 94Kg/cm2, which is lower than the P obtained in the experiment using a metal cylinder.
This theoretical value is reasonable, because the degree of restraint in our stone model would be lower than that of the blind cylinder.
If the value of K is larger than 7.5, even the dental stone with a low plastic deformation would show a pattern of plastic deformation.
As a result of decrease in the zone of elasticity and stress concentration caused by the development of cracks, the cracking should be accelerated gradually.
When K is less than 5, demolition would take the form of brittle fracture, as opposed to ductile fracture, which would be seen when K is larger than 5. However, in the clinic, K never exceeds 5 and always be in the range of 3 to 5.
These experiments were made to determine the proper amount of time for demolition and to obtain the working time needed for the clinical procedures.
It was also possible to determine the proper diameter of filling holes.
The stress concentration caused by change in the shape of the filling hole was considered to have a favorable effect on splitting. We eventually selected a round hole with a U-notch because this shape was easy to set on the impression surface and to plunge the powdered agent. This also made it easy to predict the direction of cracking. 
Model experiment
Tensile strengths of various types of dental stone were examined in a preliminary experiment to select the proper material for dental casts (Fig. 19) . The cast material with a higher strength and Young's modelous had denture fractures more often, showing that the new plastone presented even more difficulty for model experiments (tensile strength: 105Kg/cm2 and Young's modelous: 230000Kg/cm2 in a dry atomosphere). In addition, the alveolar ridge was made high, surfaces were roughened by sand blasting and no resin separating agent was used. In spite of these severe conditions, it showed equal or less than even with the posterior and this is the range in which elasticity can be recovered adequately. In fact, no residual strain was observed after 15 minutes, as shown in Figs. 16-18 , and there existed only a negative strain caused by polymerization shrinkage. Figure 19 Tensile strength of dental stone (New plastone), and amprove die stone by diametral tensile test. However, there was the possibility that strain gauges were not attached to the actual portion of stress concentration, and the length of the gauges was 5mm. Because of these limitations, the mean stress within gauge areas were measured. This might have led to reduction of the actual stress concentration. A bending moment was thought to have been applied in all cases with the anterior alveolar as a neutral zone. Cracking arose in the posterior water absorbing area and the anterior portion separated last. Thus the results of the experiment seem to be correct. All the models showed that the strain was within proportional limit and no permanent set was observed, indicating that this technique is very efficient, time-and cost-saving, and that it also satisfies the requirement of accuracy. An experiment on the conventional dynamic deflasking technique using plaster forceps was also done with three upper cases and six lower cases. When the impact stress hit the denture, the velocity of strain showed a very high frequency. This type of impact load, having twice as much energy, is less likely to cause deformation but is very likely to cause fracture. In fact, although this experiment was conducted by an experienced and skilled technician two lower dentures were fractured (Fig. 20) . CONCLUSION A new technique for splitting of dental casts was developed and improved to replace the dangerous conventional dynamic technique. It utilized the mechanism of volume expansion by hydration of an agent as its main constituent.
The following conclusions were reached: 1) Ca(OH)2 crystals were produced based on the hydration of this expansive agent.
This reaction progressed very rapidly in 5 to 13 minutes. 2) The volume change by the reaction without restraint was about 200%.
3) The crystals of Ca(OH)2 grew and anisotropic hexagonal crystals were observed pushing each other to form scaly layers. 4) The expansive pressure depended on water content and the maximum value of pressure of about 120Kg/cm2 was obtained using the agent with a 40% water content. 5) Up to K=5 of cylindrical stone models, demolition occurred rapidly, and cracking gradually spread more than K=5. 6) The relationship between demolition time and K was estimated to be T=0.6K2-1.7K+9.6
7) The degree of stress concentration around the filling holes depends on the shape of the filling holes. 8) Even the maximum value of strain was the casts with this agent.
All strains were within the proportional limit of resin.
The deformation of the denture base could recover in 10-15 minutes when demolition was completed.
9) In the horse shoe type of lower model, the amount of strain was reduced to a great 10) No residual strain and no permanent set were observed in any case.
